The alpha subunit of tryptophan synthase. Evidence that aspartic acid 60 is a catalytic residue and that the double alteration of residues 175 and 211 in a second-site revertant restores the proper geometry of the substrate binding site.
Our studies, which are aimed at understanding the catalytic mechanism of the alpha subunit of tryptophan synthase from Salmonella typhimurium, use site-directed mutagenesis to explore the functional roles of aspartic acid 60, tyrosine 175, and glycine 211. These residues are located close to the substrate binding site of the alpha subunit in the three-dimensional structure of the tryptophan synthase alpha 2 beta 2 complex. Our finding that replacement of aspartic acid 60 by asparagine, alanine, or tyrosine results in complete loss of activity in the reaction catalyzed by the alpha subunit supports a catalytic role for aspartic acid 60. Since the mutant form with glutamic acid at position 60 has partial activity, glutamic acid 60 may serve as an alternative catalytic base. The mutant form in which tyrosine 175 is replaced by phenylalanine has substantial activity; thus the phenolic hydroxyl of tyrosine 175 is not essential for catalysis or substrate binding. Yanofsky and colleagues have identified many missense mutant forms of the alpha subunit of tryptophan synthase from Escherichia coli. Two of these inactive mutant forms had either tyrosine 175 replaced by cysteine or glycine 211 replaced by glutamic acid. Surprisingly, a second-site revertant which contained both of these amino acid changes was partially active. These results indicated that the second mutation must compensate in some way for the first. We now extend the studies of the effects of specific amino acid replacements at positions 175 and 211 by two techniques: 1) characterization of several mutant forms of the alpha subunit from S. typhimurium prepared by site-directed mutagenesis and 2) computer graphics modeling of the substrate binding site of the alpha subunit using the x-ray coordinates of the wild type alpha 2 beta 2 complex from S. typhimurium. We conclude that the restoration of alpha subunit activity in the doubly altered second-site revertant results from restoration of the proper geometry of the substrate binding site.